Virus particles were continuously produced by a cell line (78A1) of rat embryo fibroblasts that had been transformed by the murine sarcoma-leukemia virus complex. Since most of the mature virions were found in the extracellular fluid and were not cell-associated, a measurable quantity of viral ribonucleic acid (RNA) could not be extracted from these cells. Cycloheximide, a protein inhibitor, was successfully used to accumulate viral RNA within the cells. This ribonuclease-sensitive RNA, with a sedimentation coefficient of 71S, had the same base composition as the high molecular weight RNA (S20,X = 71) isolated from purified virions released by the transformed cells.
The Moloney isolate (13) of murine sarcoma virus (MSV) contains the Moloney murine leukemia virus (MLV) that acts as a "helper" for the defective MSV (10) . Recently, Bernard et al. ( 2) described a cell line, 78A1, obtained after transformation of Wistar rat embryo fibroblasts by the MSV-MLV complex. The 78A1 cells were shown to be transplantable in 10-dayold rats and to produce both MSV and MLV (2) .
The physical and chemical nature of the different strains of murine leukemia viruses and their nucleic acid has been well-characterized (1, 6, 8, 14) . However, the previous reports are concerned with nucleic acid characterizations carried out on purified extracellular virus preparations only.
This study is concerned with the physical and chemical nature of the MSV-MLV complex in both its intracellular and extracellular state. Cycloheximide was used to block viral protein synthesis so that a pool of viral-specific nucleic acid could be accumulated and retained within the infected cells.
MATERIALS AND METHODS
Cell cultures anid mecdic. The 78A1 line of chronically infected transformed rat embryonic cells was used (2) . This line was kindly supplied by M. Boiron and C. Bernard Electroli microscopy. Virus particle quantitation was carried out on negatively stained greparations using the sedimentation-pseudoreplication procedure (12, 15 (Fig. 1) . The top band consisted of proteinaceous material of cellular origin.
To increase the concentration of pure virions, the medium above the sucrose layers was removed and replaced with more of the virus-containing medium. After centrifugation, the middle virus band was carefully removed.
(ii) The virus was further purified by centrifugation at 231,000 X g for 3 hr in a linear 15 to 60%'-sucrose gradient (in TNE; Spinco SW50 rotor). Fractions were collected from the bottom of the tube and analyzed for optical density, radioactivity, particle counts, and buoyant density.
Fluids from the control rat embryo fibroblast cultures failed to contain any particles similar to the ones in the 78A1 cultures.
Extraction off virail RNA. Sterile conditions were used to isolate the nucleic acid. The purified virus preparation (with a density of 1.16 g/cm-in sucrose) was diluted threefold with TNE; polyvinyl sulfate (2 ,g/ml) and SDS (to make 0.5%'c) were added to the virus suspension. After incubation for 3 to 5 min at room temperature, the mixture was deproteinized with phenol saturated with TNE buffer by gently shaking for 5 to 10 min at 0 to 4 C; it was then centrifuged at 12,000 X g for 5 min. The aqueous layer was removed, and the deproteinization procedure was repeated twice. The nucleic acid in the aqueous layer was precipitated with two volumes of 90%-ethyl alcohol (containing 0.01 M sodium acetate buffer, pH 5.1), was allowed to stand for at least 1 hr at -40 C, and was centrifuged at 12,100 X g for 10 min. This precipitate was then suspended in TNE buffer, and the precipitation procedure was repeated.
Extraction of initracellutlar-RNA. Cellular RNA was isolated from monolayers in 16-oz (473 ml) bottles containing about 107 cells. After removing the culture fluids, the monolayers were incubated for 5 min at room temperature with 2 ml of a solution containing SDS (1.0%) and polyvinyl sulfate (2 ,ug/ml) in TNE buffer. Deproteinization of the resulting cell lysate and initial precipitation of the nucleic acid in the aqueous layer were performed as described above.
The precipitate was then dissolved in TNM buffer, deoxyribonuclease (20 ,g/ml) was added, and the solution was incubated at 37 C for 30 min. This mixture was then deproteinized once in cold phenol, and the RNA was extracted from the aqueous layer as described above.
Velocity sedimenitationi ol RNA in siucrose gradients. The RNA preparation dissolved in 0.2 ml of TNE buffer was layered on top of 5.0 ml of a linear sucrose gradient (5 to 30%c in TNE) and was centrifuged for 2.25 hr at 150,000 X g in a Spinco SW50 rotor at 5 C. After centrifugation, 15-drop fractions were collected from the bottom of each gradient with a Buchler piercing unit.
Ribonulclease treatment oJ 71S RNA. Fractions from the above centrifugation containing high molecular weight RNA (S20,, = 71) were pooled and diluted twofold with TNM buffer. The RNA was precipitated with two volumes of cold ethyl alcohol at -40 C.
(Approximately 50%_-of the intracellular RNA is lost during this precipitation.) The precipitate was dissolved in TNM buffer to a concentration of 3,000 counts per min per 0.5 ml for extracellular RNA and 1,500 counts per min per 0.5 ml for intracellular RNA. The solutions were incubated for 0.5 hr at 37 C in the presence of ribonuclease (50 tzg/ml). Bovine serum albumin (500 ,Ag) was then added, and the contents were precipitated with an equal volume of cold 10( trichloroacetic acid. After chilling in an ice bath for 10 min, the contents were filtered through a membrane filter (0.45 ,um, 25 mm; Millipore Corp., Bedford, Mass.), washed, and dried; the radioactivity was then measured in a Beckman LS 250 liquid scintillation counter.
Determiniationi ol bhase composition. 2P-labeled 71S RNA (4,000 counts/min) and 0.2 mg of yeast RNA (added as carrier) were digested in 0.02 ml of I N KOH for 20 hr at 37 C. The mixture was spotted on Whatman 3MM paper strips, and the ribonucleotides were separated by high voltage electrophoresis for 3.5 hr at 960 v (I 1). The ultraviolet light-absorbing spots on the paper were cut out and placed in liquid scintillation vials containing toluene-based scintillation fluid, and radioactivity was determined. g/C23 after siucr-ose dentsity gradient centrifugation of MS V-ML V. X 150,000.
RESULTS
Growth curve of 78A I cells aind MSV-ML V. The production of total and extracellular virus by the 78A1 cells was monitored by electron microscopy during a cell growth curve experiment. There was an initial 12-hr lag in cell growthafter trypsinization (Fig. 2) . It was only at the end of this period that most of the particles were cell-bound, and only 10' of the total virus particles were found in the extracellular fluid. This was followed by a pronounced virus release 24 hr when cell replication had ceased, most of the virus particles were found in the extracellular fluid.
Nucleic acid from 32P-labeled virus. Equilibrium density gradient experiments revealed that the virus particles had a buoyant density of 1.16 g/cm3 in sucrose. RNA isolated from purified 32P-labeled virus was analyzed by velocity sedimentation with tritium-labeled ribosomal RNA (28S) as a sedimentation marker. (Fig. 3) . In the absence of cycloheximide, both protein and RNA synthesis proceeded at the expected rate throughout the 15 hr after addition of the labeled precursors. However, the addition of cycloheximide for 1 (Fig. 4) . Cycloheximide treatment resulted in a four-to fivefold increase of intracellular 71S RNA. Similar treatment of the control normal rat embryo fibroblasts yielded negative results.
Ribonuclease treatment of 71S RNA. Fractions 3, 4, and 5 (Fig. 4) , representing 71S RNA from velocity sedimentation runs, were pooled and treated with bovine pancreatic ribonuclease. More and 3H incorporation, the cells were washed three times in TNE containing 10-2 M NaN3 and were frozen at -40 C. Upon thawing, the cells were suspended in 5 ml of TNM buffer in test tubes, lysed by rapid freezing and thawinzg three times, and deoxyribotuclease (20 ,ug/ml) was added to each tube. After 30 min at 37 C, SDS was added to make 0.3% at room temperature. The resulting lysate was precipitated with an equal volume ofcold 10% trichloroacetic acid, washed onto a membrane filter (0.45 Mm, 25 mm), and dried; the radioactivity was then measured. than 99 % of both the extracellular and intracellular RNA was ribonuclease-sensitive. (Fig. 1) were spheroid with distinct outer envelopes and internal nucleoids. The physical and chemical properties of the purified virions and of their nucleic acid were similar to those reported by a number of investigators studying murine leukemia viruses (1, 6, 8, 14) .
In view of the fact that MSV-MLV particles were released immediately upon maturation, very little viral RNA was found within the 78A1 cells. Actinomycin D was not utilized in this study because it markedly inhibits RNA synthesis of the murine leukemia viruses (1, 5) . The protein inhibitor cycloheximide that inhibits protein synthesis in L cells (7) and in a variety ofmammalian cells (9) was used to accumulate and retain RNA within the 78A1 cells. This inhibitor has been successfully used to accumulate RNA in reovirus-infected cells (16) .
In these experiments, it was observed that 1.77 X 10-4 M cycloheximide (50 ,ug/ml) effectively inhibited protein synthesis. In addition, cycloheximide applied after a 10-hr pulse with 3H-uridine resulted in a net retention of RNA within the 78A1 cells. Upon sucrose density gradient centrifugation, it was observed that the amount of intracellular 71S RNA had increased four-to fivefold. Base composition analysis and 
